The effect of noncondensables upon the laminar film condensation of vapor-gas flow inside a horizontal tube were investigated. The analysis was undertaken for the continuity, momentum and the thermal energy with its boundary conditions for the condensable film. Also the diffusion equation with its boundary conditions for the gas phase. The resulting partial differential equations were solved numerically by finite difference technique using a computer program for a wide range of parameters. Numerical results were obtained for the heat transfer coefficients with and without noncondensable for a wide range of parameters. It was found from the numerical results that the heat transfer coefficients inside the tube of the horizontal condenser are strongly dependent upon the axial and circumferential position. The noncondensable reduces the heat transfer and these reductions are accentuated at low operating pressures. For small steam velocities, a severe effects of the noncondensables are expected at the back end of the tube.
INTRODUCTION
Condensation of vapor inside a horizontal tube results in a two phase flow. Bell,et al [1] showed the various two phase flow regimes during condensation. The performance of a condenser is governed to a large extent by the heat transfer on the inside of its tubes and thus depends to a large extent on these two phase flow patterns which exist along the tube. Previous works [2 -3] investigated the condensation in annular flow regime where vapor shear is the dominant force acting on the condensate.
Investigators [4 -5] performed the analysis for the condensation in stratified flow regime where vapor shear is negligible and gravity the dominant force. Little study, however, apart from Rosion and Myers [ 6] , has been done in the wavy flow regime where the vapor shear and gravity are both significant forces. In the main of these investigations were concerned with the condensation of pure saturated vapors, that is, it was assumed that noncondensable gases were not present. In the present investigation the effect of noncondensable gases on laminar film condensation on the inside of horizontal circular tube with vapor shear and gravity forces is treated.
THE THEORETICAL MODEL
Consider a mixture of a vapor and a noncondensable gas entering a horizontal pipe of uniform radius R, length 1 and a constant uniform inside wall temperature T w . The saturation temperature corresponding to the partial pressure of the vapor in the inlet mixture T (T>Tw ). Cylinderical coordinate system is chosen with the axis oz lying along the centre of the horizontal pipe and v u are taken to be the velocity components in the directions of 0, z increasing respectively. While the vapor-gas mixture flowing in the z-direction condenses on the inside surface of the tube. The condensate film flows down in the tangential direction along the periphery of the tube. The tube section between z and z + Az represents the control volume around which a balance of forces is taken. A coordinate system , is shown in Fig.1 . 
FOR PURE SATURATED VAPOR
The momentum equations in the condensate film can be written as follows :
With the following boundary conditions : The momentum balance in the vapor phase can be written as :
The simultaneous numerical solution of Eqs.(8-9) using a backward difference technique giving the film thickness S at any point. Hence the local heat transfer coefficient can be calculated as :
FOR VAPOR-AIR MIXTURE
The accumulation of noncondensables at the (fluid) condensation surface reduce the saturation pressure of the condensing steam and the corresponding saturation temperature at the surface. As the condensation proceeds along the tube the effect of inerts increases due to the reduction of the saturation temperature brought about by steam disappearance and the increased concentration of inerts. T varies with the axial direction and henceforth denotes the local z dependent temperature of the free surface of the condensate film. Assume a parabolic concentration distribution of the inerts associated with the steam at the inlet. The condensate is impermeable to the inerts. Neglect the volume occupied by the condensate film within the tube ( r =r=Ft at the vapor-liquid interface). W(z R) or W i (z) at the interface between the vapor-gas mixture and the liquid film can be determined by the numerical solution of Eq.(12) using finite difference technique.
INTERFACE TEMPERATURE
Consider the condensation of a specific vapor and noncondensable gas where in the following quantities are specified :
T o , Wo , Tw and U o . 
HEAT TRANSFER
Once T i has been found, then heat transfer rate follows directly. Let q' denote the local heat transferred to the surface per unit area, so that,
It is particularly interesting to compare the heat transfer rate in the presence of noncondensables with that for the case of pure vapor. The comparison is made under the condition that T o and Tw are the same in the two cases.
For the pure vapor T = T o , (T -T w) q k (17) 5
Then upon ratioing these two equations, follows,
The ratios of the condensate layer thicknesses and the temperature differences are evaluated as before. It is seen that for prescribed values of T o , Tw and Wo , the heat transfer ratio q /q can be calculated for a given mixture of vapor and noncondensable gas. The departure of q'/q from unity is direct measure the effect of noncondensable gas. Circumferential variations in the heat transfer coefficients for pure saturated vapor at fixed axial positions and T o=355 k are shown in Fig. 2 . It was found that for laminar film condensation the film thickness increased around the tube, the resistance to heat transfer would increase and hence the local heat transfer coefficient would decrease. The axial variations in heat transfer coefficients for a pure saturated vapor at constant circumferential positions and T o = 355. k are shown in Fig. 3 . It is clear that the heat transfer coefficient decreases along the tube due to increase in the film thickness as condensation proceeded along the tube.
The heat transfer results of q'/q were presented in Figs.(4-5) . The departure of the curves from unity is a direct measure of the effect of the noncondensable gas. It was found that for any fixed temperature difference and fixed T o , the heat transfer decreases monotonically as the mass fraction of the noncondensable increases. The presence of the noncondensable is more strongly manifested when the condensation takes place at subatmospheric pressures. At the higher T o and the lower mass fractions, q'/q is rather insensitive to the temperature Ijlifference (To -Tw The buildup of the noncondensable gas at the interface tends to lower the corresponding partial pressure of the vapor, then lowers the interface temperature Ti at which condensation occurs (the interface is a saturation state). The thermal driving force ( Ti Tr) is lowered, thereby decreasing the heat transfer rate. Moreover,at small steam velocities,where a concentration profile of inerts is built up,some more severe effects of the noncondensables are expected at the back end of the tube.
CONCLUSIONS
From the presented numerical results,it can be concluded that : 1. Heat transfer coefficients inside the tubes of horizontal condensers are strongly dependent upon the axial and the circumferential position. --mean value -vapor-gas mixture
